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Elliptic Flow(V2)

x

z

Reaction 
plane

Non-central collision
Low pT
• Hydrodynamical

behavior
• Pressure gradient 
High pT
• Parton energy 

loss in the 
medium. (jet 
quenching )

PRC.68.044902

Initial anisotropy in coordinate space is transferred  
into momentum space in the final stage. 

Intensity of Elliptic Flow (V2) of emitted hadrons at non-
central collision

)-cos2(V21 RP2 Φ+∝ φ
φd

dN φ : azimuthal angle of detected particles
ψ : azimuthal angle of reaction plane
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RHIC-PHENIX experiment
<RHIC --relativistic heavy ion collider> 
• @BNL in U.S.A.
• Collision energy : Up to          = 200 GeV in Au+Au
• Au+Au collision in 2003~2004 (= RUN4)

NNS

<PHENIX – one of the experiments at RHIC>
EMCAL

for Energy cut

RICH
for electron 
BG rejection  BBC 

to determine 
reaction plane

DC + PC1
　for good track  
selection and to 

determine p

PC2+PC3
for BG 

rejection
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<Methods for back ground rejection>
<Method 1 ・・・energy cut> --- 142million events 

•|PC3sdphi |<2.0 ,|PC3sdz| <2.0     , |EMCsdphi|<2.0      , |EMCsdz|<2.0

•E/p cut

σ σ σ σ

<Method 2・・・geometrical cut> --- 76 million events 
•|PC2sdz| <2.0 , |PC3sdz| <2.0    , |PC2sdphi-PC3sdphi| <2.0    , 
brphi=|PC2sdphi+PC3sdphi|/2<2.5    (for signal)

• using 4.0    <|PC2sdphi+PC3sdphi|/2<8    (for BG)

•Requiring hit on EMC

[Method 2-1] For n0=0 (RICH not fired) particles 

scaling brphi distribution at pT>10GeV

[Method 2-2] For 0<n0<=4 ( RICH fired)

scaling the shape of brphi distribution at n0>4.

σ
σ σ

σ σ σ

z

phi
dz

dphi

track

hit

On detector

n0 is the # of fired
PMTs at RICH

Match the heights of BG to All at 4<brphi<8
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<Method 1>
1. PC3 sdphi distribution at different pT region
2. Yield vs pT at different e/p cut

2

1

E/p>0.2 ~ cut 
can reject BG.

PC3 [dphi/σ]E/p>0.2 cut 
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Charged hadron v2 by Method1

V2 with E/p >0.2 is almost same as V2 with E/p >0.3
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<Method2>

“all” comes from |pc2sdphi+pc3sdphi|/2 <2.5
“background” comes from 4.0<|pc2sdphi+pc3sdphi| <8.0

Separate the particles to 

RICH not fired (n0=0), RICH fired (0<n0<=4) and RICH fired(n0>4)
1. n0=0 --- signal + decay BG

2. 0<n0<=4 --- signal(mostly pion) + e BG 

3. n0>4 --- e BG 
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<Method 2-1>
1. RICH not fired (n0=0 --- signal +decay BG)

•Black- all

•Red – BG 
(Scaling with 
distribution at 
pT>10GeV)

•Blue- signal
(all-BG)

brphi distributions [Charge +  Min-Bias]

Match the heights of BG to All at 4<brphi<8

Method 2-1 rejects BG for the particles firing RICH.
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•Black- All

•Red – BG 
(obtained by 
scaling 
distribution of 
n0>4 in each pT
bin)

•Blue- Signal 
(All-BG)

Pion starts to 
fire RICH

brphi distributions [Charge +  Min-Bias]

Match the heights of BG to All at 4<brphi<8

<Method2-2>
2. RICH fired (0<n0<4 --- signal + electron BG)

Method 2-2 rejects BG for the particles firing RICH.
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Comparison of the results 

PRC.68.044902

work in progress

All methods have good agreement to Run2 results
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Centrality dependence 
work in progress

0-20 %

Positive 
Hadron

20-40 %

Positive 
Hadron

40-60 %

Positive 
Hadron

40-60 %

Negative 
Hadron

20-40 %

Negative 
Hadron

0-20 %

Negative 
Hadron
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Summary and Next step 
<Summary>
• Two Methods can reject BG of high pT 

charged Hadrons to get V2.
• Charged hadron V2 of Run4 data is obtained 

by those methods. 
• The results show good agreement with the 

run2 results.
<Next Step>
• These two methods will be applied to higher 

pT range (~8GeV) to get V2.



Back Up 
From here
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azimuthal anisotropy

))](cos[21(1
1

∑
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=

Ψ−+=
n

n nvN
d
dN φ

φ π

 φ : azimuthal angle of each PMT (BBC)
Ψ : azimuthal angle of reaction plane
vn : anisotropy parameter

( n = 1,2,… )

resolution
vv

measured
n

n =

>Ψ−Ψ<>Ψ−Ψ=< )](cos[~)](cos[ BAtruemeasured nnresolution

ΨA,B : reaction plane determined for each sub sample.
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軌跡の再構成

z phi

２． その運動量ごとの

磁場の影響を考慮
して、残りの軌跡を
描く

１． DCで検出された荷電
粒子が、必ず衝突点
からきているものとし
て、軌跡を再構成

運動量を計算

z

phi
dz

dphi

３． 各検出器で一番近

いヒットを組み合わ
せる。
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<Data set> • Run4  
• 142million events for method 1
• 76 million events for method 2

<Reaction Plane for measurement of V2>

• Use Reaction Plane re-
calibrate module (which is 
made by H. Masui).

• Use the information from  
combined BBC North & 
South.  

• Calculate the resolution 
depending on Centrality 
(0- 93%).
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Method 1  E/p > 0.1 or 0.3 
Brphi distribution with E/p>0.1
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<Method 2-1>
1. Rich not fired (n0=0)

•Black- all

•Red – BG

(Scaling with 
distribution at 
pT>10GeV)

•Blue- signal

(all-BG)

Charge + ,Min-Bias 
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brphi distributions (Method 2)
Rich not fired  charge -Rich not fired  charge +

Rich fired  charge +Rich fired  charge -
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<Method2-2-2> 2.  Rich fired 

[GeV]

•Black- all

•Red – BG

(Scaling with 
distribution at 
pT>10GeV)

•Blue- signal

(all-BG)

Match the heights at 4<brphi<8

Pion contribution

(PC2sdphi+PC3sdphi)/2
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<Method2-2-3> 2.  Rich fired 

[GeV]

brphi

•Black- all

•Red – BG 
(ratio of 
0<n0<=4 
to  n0>4 at 
each pT)

•Blue-
signal (all-
BG)

Pion 
contribution

const
electron

electron

n

n =
>

<=<

40

400
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Comparison of the results (Rich fired)
Yield vs pT V2 vs pT with different methods

[GeV]
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